Autism-spectrum disorders, characterised by the presence of a triad of impairment of social cognition, communication and imagination, are considered to be the most common of the severe developmental disabilities. The rate of diagnosis has increased substantially with a recent estimated prevalence over 1%.
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However, it is unclear whether this higher prevalence represents a true increase or could be attributed to changes in diagnostic practices and complex issues relating to service provision. [1] [2] [3] The aetiology of autism-spectrum disorders is now largely considered to be multifactorial. Although genetic factors clearly play an important role, genetic study reveals an increasingly complex picture 4 and no unifying processes have been established 5 or alleged cause empirically supported. 1 Of possible risk factors, some specific environmental factors operating at the intrauterine level such as proximity to pesticides 6 and adverse perinatal events such as growth restriction and newborn hypoxia would appear to be of significance. [7] [8] [9] [10] There is an increasing literature supporting the role of advancing paternal and maternal age, although data for the latter are possibly inconsistent, [9] [10] [11] [12] [13] with a greater than twofold increase in risk with each 10-year increase in paternal age. 9 It has been suggested that first-born offspring of two older parents have a threefold risk of autism-spectrum disorders compared with younger siblings. 12 Other social and environmental factors may also have a possible role in fuelling the increased prevalence and merit serious consideration. For example, the risk of autism appears to be associated with urbanisation. 11, 14 Political and economic influences on patterns of population immigration and ethnic diversity have an increasingly important impact on society, with resultant implications for patterns of health and disease as well as for service access and provision. One recognised association with immigration is the substantially increased risk of schizophrenia in immigrants, which is not solely accounted for by psychosocial explanations and appears to be independent of genetic vulnerability, ethnic group or country of origin. 15 Over the past 30 years or so there have been sporadic reports, initially of small populations or clinic samples, of an increased frequency of autism in children of immigrant parents, leading to the suggestion that immigration may be a factor contributing to the real rise in the prevalence of autism. 16 One of the first published reports describes a disproportionate number (21-29%) of children with infantile autism born to Greek and German parents emigrating to Australia 17 and this remains the only study relating to European immigrants. Subsequently, European studies reported similar observations relating to immigrants from distant geographical areas or 'exotic' countries. 14, 18 A UK clinic study found four to six times the rate of autism in second-generation African-Caribbean children. 19 An Australian study 20 found an increased risk associated with having a mother born outside Australia, with the greatest risk in those born in North East and South East Asia. Maternal place of birth outside Europe or North America has also been reported to be associated with a relative risk of autism of 1.4-3.0 for children born in Denmark and Sweden respectively, 9 and a three to four times greater prevalence in children of mothers born in Somalia emigrating to Sweden. 21 Complex paternal sociobiological factors may act as confounders in relation to both parental age and immigration. Three processes operating in men with genetic vulnerability to autism have been suggested: seeking an immigrant partner who may be less aware of autism-related social problems than someone raised in his own cultural milieu; having greater difficulty finding a partner (with resultant older paternal age); or selective immigration of those at higher risk of autism-spectrum disorders. 22, 23 One study examining the relationship between autism-related personality traits and delayed paternity has not found an association. 24 There is some support for a trend to 
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seeking an immigrant partner but not for selective immigration, in the finding that maternal country of origin has a greater effect than paternal country of origin. 11 These key studies are specific to the Nordic countries, and replication in other geographical regions may be necessary before the results can be generalised. 9 In contrast to these reports, suggested relationships linking autism-spectrum disorders with demographic and ethnicity factors have been dismissed as being based on small numbers and 'not convincing'. 25 Some large population prevalence studies from the USA have also not supported a relationship between either ethnicity or immigrant status and rates of autism, and in particular the rate of autism-spectrum disorders in Black children was found to be comparable with other ethnic groups, 26 and neither maternal ethnicity nor immigration were an influence. 27, 28 The inconsistency between reports raises the question as to whether the effect of ethnicity and/or parental immigration on the risk of autism-spectrum disorders differs between countries or regions, such as between the USA and Europe, as has also been suggested in the case of schizophrenia. 15 There are a limited number of studies looking at the relationship between parental immigration and other types of developmental disability. However, where this has been explored, it appears that children of immigrant parents are at risk from a greater severity of neurodisability in general, whether physical, intellectual, social or sensory functioning, 19, 29, 30 and this has also been suggested for autism-spectrum disorders. 21 High levels of recessive genetic conditions have been observed in some specific populations, 29 and there has been repeated suggestion of a possible role for intrauterine infection in relation to autism and disability in general, 9, 19 but these and other aetiological factors have not been investigated systematically.
Despite the emerging research findings, immigration as a possible aetiological factor in the increasing prevalence of autism-spectrum disorders has been underinvestigated. This study aims to examine the hypotheses that maternal ethnicity and/or immigration are linked to childhood autism-spectrum disorders in the second generation, in the context of conflicting evidence relating to ethnicity and parental immigration as risk factors for autism.
Method
The study population was drawn from children presenting to the paediatric child development services of two adjacent south London boroughs, Wandsworth and Lambeth. These boroughs were selected because of differences in the demographic and economic profile, the former being relatively affluent with a Black and minority ethnic population of 22%, and the latter with higher levels of social adversity and a Black and minority ethnic population of 38%. 31 Retrospective analysis of case notes was undertaken. Participants were all children diagnosed with autism-spectrum disorders during a 6-year period (1 September 1999 to 31 August 2005) . The inclusion criteria were that children were born in the UK and resident in the borough at the time of diagnosis.
The child development teams were organised differently, but were both established multidisciplinary services providing autismspecific assessments through child observation, individual assessment and clinical interview (using tools such as the Autism Diagnostic Interview (ADI-R), 32 Diagnostic Interview for Social and Communication Disorders (DISCO) 33 and Autism Diagnostic Observation Schedule (ADOS)). 34 In most cases a diagnosis was made following a multidisciplinary team assessment, and in both services by reference to ICD-10 criteria. 35 A very small number of older children were diagnosed by other services in the boroughs during the same period (e.g. psychology or mental health services) prior to being known to the paediatric service. In two cases the exact date of diagnosis was unclear and the age at diagnosis was given in whole years. The diagnosis was recorded as autism or a pragmatic category of other autism-spectrum disorders for those with atypical autism, high-functioning autism or Asperger syndrome, as these descriptive terms were used inconsistently.
Details of parental ethnic group and country of birth were routinely recorded at assessment in both centres. Parental country of birth was assigned to region according to the 2001 Census classification of countries by continent for Europe, Africa and Asia. We created a separate subgroup born in the Caribbean because of the substantial numbers from that region. Other countries in the Americas and Oceania have been grouped as 'elsewhere' because of extremely small numbers. Because of the lower rates of recording for fathers, a pragmatic decision was made to use the mother's ethnic group and region of birth as the primary markers.
The rates of autism-spectrum disorders by maternal region of birth and ethnic group were calculated with reference to the 2001 Census population data, made available from the London Health Observatory and the Office for National Statistics. Rates were calculated by dividing the number of mothers in each ethnic or regional subgroup by the 2001 female population aged 16-39 years in that borough, representing women of approximate childbearing age. Mothers of mixed Black/White or Asian/White ethnicity were added to the Black and Asian ethnic groups respectively, due to small numbers, and the same groups were combined in the population data.
Correction was made for possible variation in rate of autismspectrum disorders resulting from differences in family size in different ethnic subgroups. Average family size, estimated from the total period fertility rate (TPFR), was obtained for ethnic groups from a report by the Data Management and Analysis Group of the Greater London Authority, 2002. 36 The TPFRs for detailed ethnic subgroups were weighted according to the distribution of these subgroups in each borough's population, to give an overall TPFR for each of the Black and Asian populations in the two boroughs. Information on TPFR was available only by ethnic group and not for country of birth.
Relative risks for having a child with an autism-spectrum disorder were calculated relative to White ethnic group and UK country of birth. The 95% confidence intervals for relative risks were obtained using the Confidence Intervals Analysis computing package, version 1.2 in Windows XP. 37 Relative risks were considered statistically significant if the confidence interval did not include one. In the text, the effect size is generally quoted as the lower end of the confidence interval, giving a conservative estimate of the increased risk.
This study was approved by the Research and Development Committee of South West London and St George's Mental Health NHS Trust and permission to access clinical data was given by the Lambeth Primary Care Trust Caldicott Guardian.
Results
Data were collected on all 428 children diagnosed with autism or autism-spectrum disorders over the 6-year period, of which 267 were in Wandsworth and 161 in Lambeth.
Demographic characteristics
About four-fifths of children with a diagnosis of autism-spectrum disorder were male in both boroughs ( Table 1 ). The average age for diagnosis was higher in Lambeth than in Wandsworth (6.2 v. 4.6 years respectively). Mean age at diagnosis did not differ significantly between males and females in either borough, but showed a significant variation across ethnic groups in Wandsworth, with the Black ethnic group having the youngest age at diagnosis.
For those children in whom a diagnostic subtype was identified, around two-thirds were classified as having autism and a third as having autism-spectrum disorder (Table 2 ). There was little difference in these proportions between males and females, but in Wandsworth the proportion with autism was significantly higher for the children of Black and Asian ethnic groups compared with the White group.
Incidence of autism-spectrum disorders by region of birth of mother
The estimated annual incidence of having a child with an autismspectrum disorder was calculated according to the region of birth of the mother (Table 3) . Compared with mothers born in the UK, there was a significantly increased risk of having a child with an autism-spectrum disorder for immigrant mothers born in Africa, the Caribbean and Asia; this result was seen consistently in both Wandsworth and Lambeth. The highest relative risk was observed for those born in the Caribbean, where the risk was estimated to be at least five times that of UK-born mothers, in both boroughs. There was no significant increase in risk for those born in other European countries.
Incidence of autism-spectrum disorders by ethnic group of mother
The estimated annual incidence of having a child with an autismspectrum disorder was calculated for different maternal ethnic groups (Table 4) . Compared with White mothers, there was a significantly higher risk for mothers of Black ethnic origin, with at least a fivefold increase in risk observed in Lambeth and a threefold increase in Wandsworth. The relative risk for mothers of Asian ethnic origin compared with White mothers was only statistically significant in Lambeth, where at least a threefold increased risk was indicated.
Incidence of autism-spectrum disorders by region of birth and ethnic group of mother In order to differentiate the effect of ethnicity from the effect of region of birth, each ethnic group was further divided into mothers who were born in the UK and those not born in the UK. The relative risk of having a child with an autism-spectrum disorder was calculated for each subgroup compared with a baseline of White women born in the UK (Table 5 ). There was a significantly increased risk of having a child with an autism-spectrum disorder for mothers of Black ethnic origin born outside the UK, of at least ninefold in Lambeth and fivefold in Wandsworth. Similarly, the risk was significantly increased for mothers of Asian ethnic origin born outside the UK by a factor of 5 in Lambeth and 1.4 in Wandsworth. Conversely, most of the subgroups of mothers born in the UK failed to show a significant increase in the risk of autism-spectrum disorders regardless of ethnic group, the exception being mothers of Black ethnic origin born in the UK in Lambeth. There was also no significant difference in risk for White immigrants to the UK.
Since the probability of having a child with an autismspectrum disorder is likely to increase with family size, we adjusted these relative risks for the larger average family size among Black and Asian ethnic groups. The same adjustment was applied to both UK and non-UK subgroups, as a differential adjustment factor was not available by region of birth. The relative risk for mothers of Black ethnic origin born outside the UK remained statistically significant in both boroughs, with an increased risk of approximately three-to fivefold relative to White UK-born mothers. A significant effect was also still observed in Lambeth for mothers of Asian ethnic origin born outside the UK, and for mothers of Black ethnic origin born within the UK.
Discussion
This study found a significant association between maternal immigration and the risk of having a child with an autismspectrum disorder. The immigration effect varies by maternal region of origin, with the highest risk observed for immigrants from the Caribbean, followed by those from Africa and then Asia. There is no apparent effect for immigrants from Europe.
There was little evidence of an independent ethnic effect on the risk of autism-spectrum disorders in the absence of maternal immigration, since the association with ethnicity did not remain significant when considered simultaneously with region of birth, except for UK-born Black individuals in Lambeth where the result just reached significance. Therefore it appears that it is immigration, not ethnicity, which is the main candidate for a risk factor. The relationship between maternal immigration and risk of autism-spectrum disorders did however vary by ethnicity, with a stronger association observed for Black immigrants than for Asian immigrants, and no apparent effect for White immigrants. Whereas the increased risk appears unequivocal for Black immigrant mothers, the message is less clear for Asian immigrant mothers, where a significant effect was only seen in one borough, Lambeth. This might be explained by differences in composition of the Asian groups in each borough: in Lambeth, all Asian immigrant mothers originated in the Indian subcontinent, whereas in Wandsworth this proportion was only 56% (9/16), the remainder originating in the Far East, Middle East or Africa.
The variation in risk of autism-spectrum disorders by ethnicity among immigrant mothers may simply be a confounding effect with country of origin. For example, the high rates of autism-spectrum disorders observed for the children of Black immigrant mothers reflect the high rates found for mothers immigrating from the Caribbean and Africa. Alternatively, there may be a more complex explanation, with a combined effect of ethnicity and region of origin among immigrants from these countries.
These findings appear to be different from those reported by US studies. This may partly be related to differing population characteristics. In contrast to the Black immigration patterns in the USA, the substantial proportion of Black immigration into Europe has occurred mainly over the past 50 or so years. UK-born Black mothers are therefore likely to be second-or third-generation immigrants. The increased risk of autism-spectrum disorders in Black mothers born in the UK was lower than that observed for their Black immigrant counterparts. This raises the question of whether we might be observing evidence of a progressive attenuation of the effect of immigration generation on generation. This effect might account for the differences in the findings relating to settled ethnic populations between European studies and those from the USA, but would not explain differences relating to recent immigration.
It is unclear as to how immigration may exert an increased risk and clues from research into immigration and other aetiological factors in related neuropsychiatric or neurodevelopmental disorders are sparse. Autism-spectrum disorders are one element of an interwoven tapestry of overlapping and co-occurring neurodevelopmental disorders such as attention-deficit hyperactivity disorder, developmental coordination disorder and Tourette syndrome. There does not appear to be literature suggesting a link between parental immigration and the risk of any of these disorders.
However, there are interesting parallels with the literature on schizophrenia and psychosis. An increased rate of psychosis is reported to be present in all immigrants irrespective of ethnicity, suggesting an explanation that is environmental rather than genetic. However, similar to the findings of this study, there is a particularly high risk seen in the second-generation AfricanCaribbean population. 38 This raises the question as to what aetiological factors might be common to both psychosis and autism-spectrum disorders that are not shared by those co-occurring neurodevelopmental disorders. Increased paternal age and urban upbringing are also factors associated with increased risk in both psychosis and autism-spectrum disorders. Other diverse hypotheses put forward to explain increased risk in psychosis include selective immigration of parents with higher risk, obstetric complications resulting from cephalopelvic disproportion due to better nutrition, exposure to novel neurotropic virus infection and prenatal exposure to vitamin D deficiency caused by dark skinned immigrants' reduced exposure to sun in Northern countries. 15 Most of these factors have also been suggested as proposed aetiological triggers for risk of autism-spectrum disorders although few have been systematically examined 39 and therefore remain speculative. For schizophrenia, none have withstood systematic examination. 15 There is no clear emerging picture as to possible aetiological factors in either schizophrenia or autism-spectrum disorders.
It is important to recognise that the term 'ethnicity' as used in population and health research is a multifaceted and largely socially determined concept. Ethnicity may not map directly to ethnic and biological make-up or genetic, allelic or epigenetic differences likely to be important in understanding the cause of increased risk. This is clearly an area that requires more research. 38 
Strengths and limitations
In common with other epidemiological studies on the impact of environmental factors on child development, we acknowledge the potential impact of multiple confounding factors that must necessitate caution before reaching firm conclusions about any causal effect of immigration. 40, 41 As a result of the retrospective collection of clinic data, and the use of a population comparison group, we were unable to adjust for a number of known risk factors for autism-spectrum disorders that could potentially have differed between the groups of interest in this study. These risk factors include maternal and paternal ages, maternal education, birth weight and gestational age. One factor that we were able to incorporate was differing family size between ethnic groups, but these data were not available by region of birth. The size of the increased risks observed for Black and Asian immigrants are sufficiently large that it seems unlikely they could be completely eliminated through adjustment for confounding factors. In the text we have presented these increased risks conservatively by quoting the lower end of the confidence interval; if the truth is closer to the point estimates presented in the tables, then the risks are even higher. However, further research is needed to quantify the effect of potential confounding variables on the associations found here.
The study presents 6 years of data from two boroughs where service provision and population catchments were largely coterminous. We chose to analyse the boroughs separately because we anticipated there may have been important differences in clinic populations and service provision. Clinic population differences were in fact evident. It is likely that the difference in mean age at diagnosis, and in the number of cases diagnosed, is a reflection of a substantially longer waiting time in one borough. In particular, there was a marked difference between boroughs in the mean age at diagnosis for children of Black maternal ethnic origin, with very few diagnosed over 5 years of age in Wandsworth compared with Lambeth (10/78 (13%) v. 69/95 (73%) respectively). Our clinical impression was that in Wandsworth there was an excess of boys of Black ethnic origin with very severe impairment who were likely to present, and therefore be diagnosed, early but this study was unable to examine this further. Differences in the proportions assigned to each diagnostic group and the gender ratios lie within ranges described elsewhere. 1 Although similar diagnostic criteria were applied, it is recognised that clinical practice and interpretation of criteria varies between different assessment teams. 1 We therefore feel that the significance of our key findings is strengthened by the fact that, despite these differences, the overall results from each borough were similar.
It is likely that there was a degree of underreporting of cases, and therefore it was not possible to derive true population incidence rates. First, these were clinical samples and population screening was not used. Second, the study did not include children on the waiting list. Third, our estimated incidence rates excluded mothers for whom data on ethnicity and region of birth were missing: 23 and 24 mothers respectively in Lambeth and 8 and 9 mothers respectively in Wandsworth. If each ethnic group and region of birth is equally underrepresented, the relative risks will however be unaffected. Finally, it is likely that other services, such as clinical psychology or child and adolescent mental health teams, would have had some diagnostic role in children with autismspectrum disorders presenting with certain behavioural or mental health problems who might therefore be excluded from this study. We believe, however, that in both boroughs, the paediatric services were not only responsible for diagnosing the vast majority of autism-spectrum disorder cases, but were likely to have involvement with most other cases through their statutory role in assessment of special educational needs; according to the Office of National Statistics, 97% of children with autism-spectrum disorders have a statement of special educational need. 1 Other possible causes of bias include: inequality of access to services according to ethnicity; cultural factors affecting rates of referral and diagnosis; and possible influence of ethnicity on professional decision-making, although the latter has previously been discounted as a significant factor in developmental disorders. 42 Later referral and diagnosis have been reported for Black children in the USA. 26, 43 Our study showed inconsistent effects with Black children diagnosed earlier in one borough compared with Asian and White children, and the trend reversed in the other borough. Children with autism-spectrum disorders who have less educated parents are less likely to be diagnosed by local health services, 1, 26 which might imply that we have underestimated, rather than overestimated, the effect of ethnic and immigration factors particularly in the borough with higher levels of social adversity.
This study was unable to examine any factors relating to possible parental vulnerability to autism-related conditions. We used maternal ethnicity and immigration as the primary markers, but were unable to examine the relationship of increased risk of autism-spectrum disorders to paternal factors. Where data were available for both parents, we found the vast majority shared the same ethnic group (and country of birth): 86% (90%) respectively for Wandsworth and 73% (84%) for Lambeth. Because the majority of parents shared ethnicity and place of birth, it is possible that maternal risk is actually a proxy for paternal risk, although one study correcting for this effect has found the latter was not a risk factor.
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This study was unable to distinguish between those immigrant parents who arrived recently and those arriving as children. This would merit further study to explore the nature of possible risk factors.
There are some limitations in the use of the 2001 Census population data. Recent population movements from areas of social and political upheaval have meant that the population of parts of London can be subject to considerable change over a short period of time. However, we were fortunate that the Census date was close to the midpoint of our study. We would also acknowledge certain limitations of comparing clinic-based records of ethnic group (derived from both self-report and professionals' clinical notes) with that of the ethnic group categories of the census (derived from self-reported information). We have used a composite 'Black' category, including Black African, Black Caribbean, and a small number of mixed ethnicity parents, which may have masked differential effects for these subgroups. Lack of masking to study aims could potentially have affected attribution of ethnicity but only in those cases where recording was unclear and this was rare.
Implications and future research
This study confirms that there is an excess risk of autism-spectrum disorders in children of mothers who have immigrated to the UK from certain geographical regions, with Caribbean-born mothers having a higher risk than those born in Africa or Asia, and no increased risk for mothers of European origin. Although there is some variation in risk of autism-spectrum disorders according to ethnicity among immigrant mothers, with the highest risk seen for Black mothers, there was little evidence of an effect of ethnicity among non-immigrants. Therefore, it appears that it is immigration, not ethnicity, which is the prime suspect. Caution must be exercised before concluding that the association with immigration is causal however, given the epidemiological nature of the study. 41 Our findings differ from those reported in the USA, but are consistent with reports from Europe and Australia.
Population immigration could be a contributing factor in the rising prevalence of autism-spectrum disorders in areas where there is a large immigrant population. These findings have significant implications for the immigrant parents who may have experienced great adversity prior to their arrival, as well as for services in meeting their complex needs. This phenomenon deserves more investigation than it has received to date.
Four specific questions suggested for further study are: whether the relationships found here survive adjustment for additional confounding factors; whether the effect attributed to maternal immigration could be a proxy for paternal immigration; whether immigration during a mother's childbearing years has a similar risk to immigration in her early childhood; and whether continuing immigration effects are apparent in second and subsequent generations. 
Origami Arthur Clark
At first, a long time ago, there were only the folds of your armpits and your buttocks and groin and eyes, then the folds of the palms whereby Madame Ricardo purported to know your future. Much later came two folds on the forehead. The folds at the eyes extended, the ones between the nose and lip grew deep. More folding. Vertical folds crossed the horizontal, summers folded onto autumns, and the year was folded by year and put on year away. Vast sorrows were folded onto minor triumphs, tucked under the slip of memory and lost. Then I began to see the process, in long shadows, by altered evening light, as a process, and how each folding brings you closer to perfection of the finished piece.
Arthur Clark is a neuropathologist practising in Calgary, Alberta. This poem is from The Naked Physician: Poems about the Lives of Patients and Doctors, edited by R. Charach (Quarry Press). Reproduced by kind permission of the author.
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